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© An optical data recording medium being suitable 
for recording signals which can be played back with 
a CD player or a VD player and having excellent 
environmental resistance and high reliability, which 
has a recording layer having an alloy portion com- 
posed mainly of at least one element selected from 
the [Au, Ag t Al and Cu] element group at least in 
part in the film surface direction and being formed 
on a signal surface of a substrate directly or through 
a thermal deformation layer composed from a sub- 
stance having lower heat resistance than the sub- 
strate, and data is written once by scanning light 
energy in a pulse form along recorded track to 
cause a thermal change such as a change in the 
atomic arrangement, a fusion-induced mixing phe- 
nomenon, a deformation, formation of a cavity, etc., 
in part of the recording layer which has been 
scanned with high-level light energy, with or without 
a deformation of the substrate or the thermal de- 
formation layer 
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The present invention relates to an optical data 
recording medium which permits real-time record- 
ing of signals FM-modulated from analog signals 
such as an image, voice, etc., computer data sig- 
nals, and digital signals such as facsimile signals, 
digital audio signals, etc., by means of irradiation 
with light energy of laser light, electron beams, 
etc., which are intensity-modulated in a pulse form; 
a method for writing and reading data on the above 
optical recording medium; and an apparatus for 
recording data on the above optical data recording 
medium. 

As an increasing number of compact disk (CD) 
players and video disk (VD) players are used, an 
optical data recording medium attracts attention, 
which enables users to freely write digital signals 
or digital video signals once and play back the 
signals with a CD player or a VD player. 

A variety of optical data recording media hav- 
ing a thin layer (recording layer) formed from a 
heat-mode recording material on a substrate are 
conventionally available, in which data can be re- 
corded by means of optical and thermal effects of 
the recording layer. Typical examples of such me- 
dia are a medium in which a recording thin layer 
formed of a metal layer composed mainly of Te, 
Bi, etc.. or a organic dye material layer composed 
of cyanine, etc., is deformed, sublimated or evap- 
orated to write data; a medium in which the phase 
transition (also called "phase change" in some 
cases) of a Te-Ge system, As-Te-Ge system, Te-0 
system, or the like is utilized; a medium in which a 
change in the atomic arrangement such as 
photodarkening, etc., is utilized; and the like. Fur- 
ther, recording layers formed from an alloy contain- 
ing Au f Ag, etc., are also described in Japanese 
Laid-open Utility Publication No. 54-111106, Japa- 
nese Laid-open Patent Publication No. 62-183042, 
etc. 

Further, with the increasing spread of CD type 
optical disc in recent years (CD: Compact Disc), 
attempts are being vigorously made to develop a 
write once type optical data recording CD, so- 
called a writable CD, which has a high reflectance 
and which can give output signals according to CD 
format when data is read. A conventionally pro- 
posed write once optical data recording CD is 
produced by consecutively forming an organic 
dyestuff layer, a metal reflection layer and a UV- 
curable resin layer as a protection layer on the 
signal surface of a transparent substrate as de- 
scribed, e.g. in Japanese Laid-open Patent Publica- 
tion No. 2-168446. Such a write once optical data 
•recording CD has characteristic features in that 
data is recorded by a method in which laser light is 
transduced to heat when absorbed into the organic 
dye compound layer and owing to this heat, not 
only the optical properties of the organic dye com- 



pound layer are changed due to a change in the 
organic dye compound constituting the organic dye 
compound layer, but also part of the transparent 
substrate which is an underground of the organic 

5 dye compound layer is deformed. 

Meanwhile, in order to play back signals with a 
CD or VD player, it is necessary to use an optical 
data recording medium which satisfies the con- 
ditions of such a player on reflectance, signal mod- 

70 ulation factor, etc. For example, when an optical 
data recording medium is used with a CD player, 
the optical data recording medium is required to 
satisfy the conditions that the reflectance (ratio of a 
quantity of light returned to a detector to a quantity 

75 of light directed to an optical data recording me- 
dium) is not less than 70%, that the signal modula- 
tion factor when a 11T signal is recorded is not 
less than 60%, that the signal modulation factor 
when a 3T signal is recorded is 30% to 70%, and 

20 the like. 

However, of recording materials used in the 
above conventional writable optical data recording 
medium, Te, Te-Ge system, cyanine, etc., are ar- 
ranged to have a low reflectance so that recording 

25 light can be efficiently absorbed for high recording 
sensitivity. It is therefore impossible to play back 
data on a medium formed from such a material 
with a CD or VD player. An optical data recording 
medium which is produced in a single-plate struc- 

30 ture similarly to conventional CDs is required to be 
excellent in environmental resistance in particular. 
However, conventional materials for conventional 
write once optical data recording type media are all 
poor in environmental resistance, and even from 

35 this viewpoint, such materials are not suitable for 
use in a write once type optical data recording CD 
or VD. 

The recording material made of an alloy con- 
taining Au, Ag, etc., is used either to form pits or 

40 concave portion on the basis of removal or de- 
formation of the recording material under thermal 
evaporation (Japanese Laid-open Utility Publication 
No. 54-111106, etc.) or to utilize only a reversible 
change in the atomic arrangement of the recording 

45 layer (Japanese Laid-open Patent Publication No. 
62-183042, etc.) With such a material, it is difficult 
to acquire a high reflectance and a high signal 
modulation factor at the same time. 

A write once optical data recording type CD 

so having an organic dye compound layer has the 
following problems. That is, an organic dye com- 
pound is generally deteriorated due to sun light, 
and the optical properties thereof change with time. 
In particular, when water is present, the above 

55 optical properties extraordinarily change, and the 
function of such a CD as an optical data recording 
medium is lost in a short period of time. In the 
above conventional write once optical data record- 
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ing type CD, data is recorded on the basis of a 
change in the optical properties of the organic dye 
compound layer and a deformation in the transpar- 
ent substrate. Therefore, when the organic dye 
material is deteriorated, data is consequently re- 
corded on the basis of only a deformation in the 
transparent substrate, and the signal modulation 
factor of not less than 30% as a CD standard can 
be no longer maintained. 

The present invention has been made in order 
to overcome the above defects of the prior art. It is 
an object of the present invention to provide an 
optical data recording medium suitable to record 
signals which can be played back with a CD or VD 
player, a method for writing and reading data on 
this optical data recording medium, and an appara- 
tus suitable to record data on the optical data 
recording medium. 

According to the present invention, there is 
provided an optical data recording medium having 
a single-layered or multi-layered thin film contain- 
ing at least a recording layer and being supported 
on a signal surface of a substrate, the recording 
layer having an alloy portion composed mainly of 
at least one element selected from an element 
group of [Au. Ag, A! and Cu] at least in part of a 
film surface direction, and being formed on the 
above signal surface of the substrate directly or 
through a thermal deformation layer composed of a 
substance having lower heat resistance than the 
substrate. 

When the signal surface of the substrate is 
formed from a plastic material having relatively low 
heat resistance, the above recording layer is 
formed directly on the signal surface of the sub- 
strate. When the signal surface of the substrate is 
formed from a ceramic material such as glass or a 
plastic material having relatively high heat resis- 
tance, the above recording layer is formed on a 
thermal deformation layer formed on the signal 
surface of the substrate. The above substrate or 
thermal deformation layer is preferably formed 
from a substance having a thermal decomposition 
temperature of not more than 800° C. 

Fig. 1 is a cross-sectional view of the main part 
of the optical data recording medium prepared in 
Example 1. 

Fig. 2 is a plan view of the optical data record- 
ing medium prepared in Example 1 . 

Fig. 3 is a cross-sectional view showing the 
form of a guide groove. 

Fig. 4 is a graph showing the relationship 
among the depth of the guide groove, the width of 
the guide groove and the signal modulation degree. 

Fig. 5 is a cross-sectional view of the main part 
of the optical data recording medium prepared in 
Example 2. 

Fig. 6 is a cross-sectional view of the main part 



of the optical data recording medium prepared in 
Example 3. 

Fig. 7 is a cross-sectional view of the main part 
of the optical data recording medium prepared in 
5 Example 4. 

Fig. 8 is a cross-sectional view of the main part 
of the optical data recording medium prepared in 
Example 5. 

Fig. 9 is a cross-sectional view of the main part 
w of the optical data recording medium prepared in 
Example 6. 

Fig. 10 is a schematic view of an optical data 
recording apparatus according to the present in- 
vention. 

?s Fig. 11 is a timing chart showing a method for 

recording signals on an optical data recording me- 
dium. 

Fig. 12 is a cross-sectional view of the main 
part of a medium, showing a first embodiment of 
20 the forms of a guide groove and a recording layer. 

Fig. 13 is a cross-sectional view of the main 
part of a medium, showing a second embodiment 
of the forms of a guide groove and a recording 
layer recorded information data signal. 
25 Fig. 14 is a cross-sectional view of the main 

part of a medium, showing a third embodiment of 
the forms of a guide groove and a recording layer. 

Fig. 15 is a cross-sectional view of the main 
part of a medium, showing a fourth embodiment of 
30 the forms of a guide groove and a recording layer. 

Fig. 16 is a cross-sectional view of the main 
part of a medium, showing a fifth embodiment of 
the forms of a guide groove and a recording layer. 

Fig. 17 is a cross-sectional view of the main 
35 part of a medium, showing a sixth embodiment of 
the forms of a guide groove and a recording layer. 

Fig. 18 is a cross-sectional view of a medium, 
showing another embodiment of a cavity-formed 
portion. 

40 Fig. 19 is a schematic view showing a method 
for reading data in an optical data recording me- 
dium. 

Fig. 20 is a schematic view showing an effect 
of a cavity. 

45 Fig. 21 is a graph showing the relationship 
between a reflectance and a cavity in an optical 
data recording medium. 

Fig. 22 is a plan view of another embodiment 
of an optical data recoding medium. 
50 Fig. 23 shows the relationship among the Au 
content in a recording layer of an Au-Sn alloy 
system, the read output signal level in a record 
portion and the recording power. 

Fig. 24 shows the relationship between the 
55 decomposition temperature of a substrate on which 
a recording layer of an Au-Sn alloy system is 
formed and the recording power. 

Fig. 25 shows the relationship among the pro- 
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portion of Ti in a recording layer of an Au-Sn alloy 
system, the read output signal level in a record 
portion and the noise level. 

In the above Figures, numerals indicate the 
following. 1: substrate, 2: signal surface, 3: record- 5 
ing layer, 4: protection layer, 5a: guide groove 
(pregroove), 5b: prepit alignment, 11: thermal de- 
formation layer, A: cavity. 

Specific examples of the recording layer ma- 
terial are as follows: w 

(1) A homogeneously composed alloy which 
mainly contains at least one element selected 
from the [Au, Ag, Al and Cu] element group and 
at least one element selected from the [Ge, Si, 

Sn, Pb, Ga, In, Tl f Sb, Bi and 2n] element is 
group. 

(2) A material which mainly contains at least one 
element selected from the [Au, Ag, Al and Cu) 
element group and at least one element se- 
lected from the [Ge. Si, Sn, Pb. Ga. In, TI. Sb. 20 
Bi and Zn] element group, and which has its 
composition changed in the film thickness direc- 
tion. 

(3) A laminate formed of at least two layers 
comprising a thin film composed mainly of at 25 
least one element selected from the [Au, Ag, Al 

and Cu) element group and a thin film com- 
s posed mainly of at least one element selected 
from the [Ge, Si, Sn, Pb, Ga, In, TI, Sb, Bi and 
Zn] element group. 30 

(4) A material containing at least one element 
selected from the [Au, Ag, Al and Cu] element 
group and either at least one element selected 
from the [N, 0. H, He. Ne, Ar, Kr and Xe] 
element group or at least one element selected 35 
from the [B ( C and P] element group. 

(5) A material which mainly contains at least one 
element selected from the [Au, Ag, Al and Cu] 
element group and at least one element se- 
lected from the [Ge, Si, Sn, Pb, Ga, In, TI, Sb, ao 
Bi and Zn] element group, and which further 
contains either at least one element selected 
from the [N, 0, H, He, Ne, Ar, Kr and Xe] 
element group or at least one element selected 
from the [B, C and P] element group. 45 

(6) A material which corresponds to that in the 
above (4) or (5) and has a homogeneous com- 
position. 

(7) A material which corresponds to that in the 
above (4) or (5) and has its composition 50 
changed in the film thickness direction. 

(8) A laminate formed of at least two layers 
comprising a thin film composed mainly of at 
least one element selected from the [Au, Ag, Al 

and Cu] element group and a thin film com- 55 
posed mainly of at least one element selected 
from the [Ge, Si, Sn, Pb, Ga, In, TI, Sb, Bi and 
Zn] element group, at least one layer of the 



laminate containing either at least one element 
selected from the [N, O, H, He, Ne, Ar, Kr and 
Xe] element group or at least one element se- 
lected from the [B, C and P] element group. 
(9) A material containing at least one element 
selected from the [Au, Ag, Al and Cu] element 
group and at least one element selected from 
the [Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Y, Zr, Nb, Mo, 
Tc, Ru, Rh, Pd, Cd, Hf, Ta, W, Re, Os, Ir and Pt] 
element group. 
. (10) A material which mainly contains at least 
one element selected from the [Au, Ag, Al and 
Cu] element group and at least one element 
selected from the [Ge, Si, Sn, Pb, Ga, In, TI, Sb, 
Bi and Zn] element group, and which further 
contains at least one element selected from the 
[Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Y, Zr, Nb, Mo, Tc, 
Ru. Rh, Pd, Cd, Hf, Ta, W, Re, Os, Ir and Pt] 
element group. 

(11) A material which corresponds to that in the 
above (9) or (10) and has a homogeneous com- 
position in the film thickness direction. 

(12) A material which corresponds to that in the 
above (9) or (10) and has its composition 
changed in the film thickness direction. 

(13) A laminate formed of at least two layers 
comprising a thin film composed mainly of at 
least one element selected from the [Au. Ag. Al 
and Cu] element group and a thin film com- 
posed mainly of at least one element selected 
from the [Ge, Si, Sn, Pb, Ga, In, TI, Sb, Bi and 
Zn] element group, at least one layer of the 
recording layers containing at least one element 
selected from the [Sc, Ti, V, Cr, Mn, Fe, Co, Ni, 
Y, Zr, Nb. Mo. Tc, Ru, Rh, Pd, Cd, Hf, Ta, W, 
Re, Os, Ir and Pt] element group. 

(14) A material which corresponds to any one of 
(1) to (13) and which satisfies at least one, 
preferably all, of the three conditions that the 
melting point is not more than 1,000* C, that the 
thermal conductivity is not more than 50 W/m'K 
and that the light absorptivity is not less than 
15%. 

If classified according to a method of recording 
data, there can be used a material which, when 
light energy in a pulse form is scanned along a 
record track preformated in a signal surface of a 
substrate, gives a deformation of the signal surface 
of the above substrate or the above thermal de- 
formation layer being in contact with the above 
recording layer scanned with a high-level light en- 
ergy and which is obtained from any one of the 
following materials: 

(1) a material which shows a change in the 
atomic arrangement at least in part of the re- 
cording layer being in contact with such a de- 
formation portion, 

(2) a material which shows a fusion-induced 
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mixing phenomenon or diffusion at least in part 
of the recording layer being in contact with such 
a deformation portion, when the recording layer 
is a laminate composed of at least two layers. 

(3) a material which also shows a deformation at 
least in part of the recording layer being in 
contact with such a deformation portion, and 

(4) a material which forms recording element 
such as a cavity, a void, a hole, etc. (hereinafter 
"cavity" includes a cavity, a void, a hole, etc.) at 
least in the interior of the above substrate being 
in contact with such a deformation portion or the 
above thermal deformation layer, between either 
the substrate or the thermal deformation layer 
and the recording layer or in the interior of the 
recording layer. 

Further, there can be used a material which 
forms a cavity at least between the substrate and 
the recording layer in a portion scanned with high- 
level light energy or in the interior of the recording 
layer thereby to perform data recording without any 
deformation of the substrate. 

In addition, in order to obtain a high reflectance 
under a multiple interference effect, a reflection 
layer having a higher reflectance to reading light 
than the recording layer may be formed on the 
surface of the recording layer which is formed on 
the substrate. As a material for this reflection layer 
having a high reflectance, Au, Al, etc., are pre- 
ferred. Further, in order to produce a higher mul- 
tiple interference effect and to increase the record- 
ing sensitivity by preventing thermal diffusion, an 
intermediate layer of an inorganic material and a 
reflection layer having a higher reflectance to read- 
ing light than the above recording layer may be 
also consecutively formed on the surface of the 
recording layer which is formed on the substrate. 
Furthermore, in order to increase the absorptivity of 
light energy for higher recording sensitivity and 
recording modulation factor, a layer of an organic 
dye compound may be provided in an interface 
between either the substrate or the thermal de- 
formation layer and the recording layer. 

The methods for recording and reading data 
are as follows. Recording light energy intensity- 
modulated in a pulse form is scanned to an optical 
recording medium in which a recording layer hav- 
ing an alloy portion mainly composed of at least 
one element selected from the [Au, Ag, Al and Cu] 
element group at least in part of the film surface, 
on which at least a preformat pattern is formed, is 
formed on the signal surface of a substrate directly 
or through a thermal deformation layer composed 
from a substance having lower heat resistance than 
the substrate, and the light energy is transduced to 
heat energy through the above recording layer, 
thereby deforming the signal surface of the above 
substrate scanned with high-level light energy or 



that surface of the above thermal deformation layer 
which is in contact with the above recording layer 
and at the same time causing a thermal change 
such as a change in the atomic arrangement, a 

5 fusion-induced mixing phenomenon, deformation, 
formation of a cavity, etc., at least in part of the 
recording layer being in contact with such a de- 
formation portion to cause a difference in reflec- 
tance between a portion scanned with high-level 

10 light energy and a portion irradiated with a low- 
level light energy, whereby data recording is per- 
formed. And, the above thermal change in the 
above recording layer or the change in reflectance 
caused together with the thermal deformation of 

75 the above substrate or thermal deformation layer is 
optical read by scanning the medium with low-level 
and constant-intensity light energy, whereby data 
reading is performed. 

Further, the apparatus for recording data has 

20 the following constitution. In a data recording ap- 
paratus having a medium actuation portion in which 
an optical recording medium is removably set and 
actuated, and an optical head which scans 
intensity-modulated light energy in a pulse form 

25 along a record track preformated on the above 
optical data recording medium; an optical data re- 
cording medium in which a recording layer having 
an alloy portion composed mainly of at least one 
element selected from the [Au, Ag, Al and Cu] 

30 element group at least in part of the film surface, 
on which at least a preformat pattern is formed, is 
formed on the signal surface of a substrate directly 
or through a thermal deformation layer composed 
from a substance having lower heat resistance than 

35 the substrate is set at the above medium actuation 
portion, the intensity of high-level light energy from 
the above optical head is so adjusted as to have a 
strength to deform the signal surface of the above 
substrate or that surface of the above thermal de- 

40 formation layer which is in contact with the record- 
ing layer and also to cause a thermal change such 
as a change in the atomic arrangement, a fusion- 
induced mixing phenomenon, a deformation, forma- 
tion of a cavity, etc., at least in that part of the 

45 recording layer which is in contact with such a 
deformation portion, and the intensity of the low- 
level light energy from the above optical head is 
adjusted so as not to cause any tfiermal change in 
the above substrate and recording layer. 

50 In the recording layer having an alloy portion 
composed mainly of at least one element selected 
from the [Au, Ag, Al and Cu] element group at least 
in part of the film surface, on which at least a 
preformat pattern is formed, the element which is 

55 to constitute the recording layer is properly se- 
lected, and the proportion of the element and the 
film structure are properly adjusted, whereby a 
mirror portion, i.e. a flat portion where a preformat 
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pattern of a guide groove, etc., is not formed can 
have a reflectance of not less than 70%. At the 
same time, a light absorptivity of as high as not 
less than 15% can be obtained. Therefore, when 
the medium is irradiated with light energy of laser 
light, etc., high heat is generated not only to de- 
form the signal surface of the substrate or that 
surface of the thermal deformation layer which is in 
contact with the recording layer but also to cause a 
deformation at least in part of the recording layer 
being in contact with such a deformation portion. 

Therefore, when the optical head guide groove 
preformated on the signal surface of the substrate 
is irradiated with light energy, the guide groove is 
deformed with its heat to form a flat surface and at 
the same time, at least part of the recording layer 
being in contact with such a deformed portion is 
also deformed together with the deformation of the 
guide groove. When the medium is irradiated with 
low-intensity reading light energy along the guide 
groove, those portions of the guide groove and the 
recording layer which have not been deformed 
show a decrease in reflectance (quantity of light 
returned to a detector) due to light diffraction, inter- 
ference, etc.. caused by the guide groove, whereas 
those portions of the guide groove and the record- 
ing layer which have been deformed to form a flat 
surface can give a reflectance of not less than 70% 
due to a decrease in diffraction light, a decrease in 
interference effect, etc. Moreover, the cross-sec- 
tional form, depth and width of the guide groove 
are properly formed, whereby a signal modulation 
factor of not less than 60% when a 11T signal is 
recorded and a signal modulation factor of 30% to 
70% when a 3T signal is recorded can be 
achieved. As a result, data can be recorded and 
played pack with a CD or VD player. 

Further, even when the mirror portion between 
the guide grooves preformated in the signal surface 
of the substrate is irradiated with light energy, the 
substrate or the thermal deformation layer can be 
deformed with its heat, and at least in part of the 
recording layer being in contact with such a de- 
formed portion can be deformed. The medium is 
irradiated with low-intensity reading light energy 
along the mirror portion, whereby a reflectance of 
not less than 70% can be obtained as described 
above, and in those portions of the mirror portion 
and the recording layer which have been deformed 
under irradiation with light energy, the reflectance 
is decreased to not more than 70% due to light 
diffraction, interference, etc., caused in the de- 
formation portion. Moreover, the thermal decompo- 
sition temperatures of the substrate and the ther- 
mal deformation layer and the light energy intensity 
are properly adjusted so as to form a deformation 
portion having a proper size, whereby a signal 
modulation factor of not less than 60% when a 11T 



signal is recorded and a signal modulation factor of 
30% to 70% when a 3T signal is recorded can be 
achieved. Therefore, in this case, data can be also 
recorded and played back with a CD or VD player. 

5 In addition, it is the degrees of the deformation 

of the guide groove and the deformation of the 
recording layer caused together therewith that have 
a greatest influence on the magnitude of the signal 
modulation factor. The portion irradiated with light 

10 energy is heated to a high temperature and rapidly 
cooled. There can be therefore a case where the 
recording layer itseff undergoes a thermal change 
such as a change in the atomic arrangement, a 
fusion-induced mixing phenomenon, a deformation, 

is formation of a cavity, etc., to have its reflectance 
changed, which change has an influence on the 
magnitude of the signal modulation factor. There- 
fore, in an optical data recording medium in which 
light energy is scanned along the guide groove, the 

20 composition of the recording layer, etc., are ad- 
justed such that the portion irradiated with high- 
level light energy shows a higher reflectance than 
the non-irradiated portion, and in an optical data 
recording medium in which light energy is scanned 

25 along the mirror portion, the composition of the 
recording layer, etc., are adjusted such that the 
portion irradiated with high-level energy shows a 
lower reflectance than the non-irradiated portion, 
whereby it is also expected that a higher signal 

30 modulation factor can be obtained. The above 
change in the atomic arrangement can be consid- 
ered to include changes in crystal grain size and 
crystal form in addition to a change between a 
crystalline state and an amorphous state. Further, 

35 when a recording layer is formed of a laminate 
containing at least two layers, the above change is 
also considered to include interlayer transfer or 
diffusion of atoms. 

40 Example 1 

Example 1 of the optical data recording me- 
dium of the present invention is explained by refer- 
ence to Figs. 1 to 4. Fig. 1 is a cross-sectional view 

45 of the main part of the optical data recording me- 
dium in Example 1. Fig. 2 is a plan view of the 
medium. Fig. 3 is a cross-sectional view of the 
medium showing the form of a guide groove. Fig. 4 
is a graph showing the relationship among the 

50 guide groove depth, the guide groove width and 
the signal modulation factor. 

As shown in Fig. 1 , the optical data recording 
medium of this Example has its characteristic fea- 
tures in that a recording layer 3 made of an alloy is 

55 formed directly on a signal surface 2 of a substrate 
1 and that a protection layer 4 is stacked on a 
surface of said recording layer (that surface of the 
recording layer 3 which is opposite to the substrate 
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1). 

The substrate 1 is formed into a disk form 
having a central hole la in the middle and a 
desired diameter from a transparent plastic material 
such as polycarbonate, polymethyl methacrylate, 5 
polymethyl pentene, polyolefin, epoxy, etc., or a 
transparent ceramic material such as glass. On the 
signal surface 2 of the substrate 1 1 a guide groove 
5a to guide a light beam spot and a prepit align- 
ment 5b for a header signal are preform ated in a 10 
fine uneven form. As shown in Fig. 2, the above 
guide groove 5a is formed spirally or concentrically 
with regard to the substrate 1 , and the above prepit 
alignment 5b is formed over the guide groove 5a. 
The cross section of the above guide groove 5 75 
may be formed in a V-letter shape as shown in Fig. 
3(a) or in a U-letter shape as shown in Fig. 3(b). An 
explanation of the method for forming a preformat 
pattern of the guide groove 5a, the prepit alignment 
5b, etc., is omitted since it is already known and is 20 
not directly related to the gist of the present inven- 
tion. 

The depth d and width s of the guide groove 5 
have a close relationship to the magnitude of the 
signal modulation factor as shown in Fig. 4. In 25 
order to play back signals with a CD player, the 
signal modulation factor when a 11T signal is re- 
corded is required to be not less than 60% and the 
signal modulation factor when a 3T signal is re- 
corded is required to be in the range of 30% to 30 
70% as described above. Therefore, according to 
Fig. 4, the guide groove 5 of the data recording 
medium to be used with a CD player is required to 
be formed such that the depth d satisfies X/8n - 
X/3n in which X is the wavelength of reading laser 35 
light and n is the reflectance of the substrate 1. 
Further, according to Fig. 4, the guide groove 5 is 
required to be formed such that the width is 0.2 
um to 1.2 urn. In addition, when the guide groove 
is formed so as to have a depth d and a width s in 40 
the range of the above values, a tracking modula- 
tion factor sufficient to track the laser beam spot 
along the guide groove 5 can be obtained, and no 
problems of deviation of the laser beam spot, etc., 
occur. 45 

The recording layer 3 is formed from an alloy 
composed mainly of at least one element selected 
from the [Au, Ag, Al and Cu] element group. The 
recording layer material is specifically selected 
from the following materials. 50 

(1) A homogeneously composed alloy which 
mainly contains at least one element selected 
from the [Au, Ag, Al and Cu] element group and 
at least one element selected from the [Ge, Si, 

Sn, Pb, Ga, In, Tl, Sb, Bi and Zn] element 55 
group. 

(2) A material which mainly contains at least one 
element selected from the [Au, Ag, Al and Cu] 



element group and at least one element se- 
lected from the [Ge, Si, Sn, Pb, Ga, In, Tl, Sb, 
Bi and Zn] element group, and which has its 
composition changed in the film thickness direc- 
tion. 

(3) A homogeneously composed alloy which 
contains at least one element selected from the 
[Au, Ag, Al and Cu] element group and either at 
least one element selected from the [N, O, H, 
He, Ne, Ar, Kr and Xe) element group or at least 
one element selected from the [B, C and P] 
element group. 

(4) A material which contains at least one ele- 
ment selected from the [Au, Ag, Al and Cu] 
element group and either at least one element 
selected from the [N, O, H, He, Ne, Ar, Kr and 
Xe] element group or at least one element se- 
lected from the [B, C and P] element group and 
which has its composition changed in the film 
thickness direction. 

(5) A material which mainly contains at least one 
element selected from the [Au, Ag, Al and Cu) 
element group and at least one element se- 
lected from the [Ge. Si, Sn, Pb, Ga. In. Tl, Sb, 
Bi and Zn] element group and which further 
contains either at least one element selected 
from the [N. O. H. He, Ne. Ar. Kr and Xe] 
element group or at least one element selected 
from the [B, C and P] element group. 

(6) A material which is an alloy being composed 
mainly of at least one element selected from the 
[Au, Ag, Al and Cu] element group and at least 
one element selected from the [Ge, Si, Sn, Pb, 
Ga, In, Tl, Sb, Bi and Zn] element group, and 
further containing either at least one element 
selected from the [N, O, H, He, Ne, Ar, Kr and 
Xe] element group or at least one element se- 
lected from the [B, C and P] element group, and 
which has its composition changed in the film 
thickness direction. 

(7) A homogeneously composed material which 
contains at least one element selected from the 
[Au, Ag, Al and Cu] element group and at least 
one element selected from the [Sc, Ti, V, Cr, 
Mn, Fe, Co, Ni, Y, Zr, Nb, Mo, Tc. Ru, Rh, Pd. 
Cd, Hf, Ta, W, Re, Os, Ir and Pt] element group. 

(8) A material which contains at least one ele- 
ment selected from the [Au, Ag, Al and Cu] 
element group and at least one element se- 
lected from the [Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Y, 
Zr, Nb, Mo, Tc, Ru, Rh, Pd, Cd, Hf, Ta, W, Re, 
Os, Ir and Pt] element group and which has its 
composition changed in the film thickness direc- 
tion. 

(9) A homogeneously composed material which 
mainly contains at least one element selected 
from the [Au, Ag, Al and Cu] element group and 
at least one element selected from the [Ge, Si, 
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Sn, Pb, Ga, In, Tl, Sb, Bi and Zn] element 
group, and which further contains at least one 
element selected from the [Sc, Ti, V, Cr, Mn, 
Fe, Co. Ni, Y, Zr, Nb, Mo, Tc. Ru, Rh, Pd, Cd, 
Hf, Ta, W, Re, Os, Ir and Pt] element group. 

(10) A material which mainly contains at least 
one element selected from the [Au, Ag, Al and 
Cu] element group and at least one element 
selected from the [Ge, Si, Sn, Pb, Ga, In, Tl, Sb, 
Bi and Zn] element group, which further con- 
tains at least one element selected from the [Sc, 
Ti, V, Cr, Mn, Fe, Co, Ni, Y, Zr, Nb, Mo, Tc, Ru, 
Rh, Pd, Cd, Hf, Ta, W, Re, Os, Ir and Pt] 
element group, and which has its composition 
changed in the film thickness direction. 

(11) A material which corresponds to any one of 
the materials (1) to (10) and which satisfies at 
least one, preferably all, of the three conditions 
that the melting point is not more than 1,000° C, 
that the thermal conductivity is not more than 50 
W/m # K and that the light absorptivity is at least 
15%. 

According to a method of recording data, there 
can be used a material which, when light energy in 
a pulse form is scanned along the guide groove 5a 
preformated on a signal surface 2 of the substrate 
1 , gives a deformation to the signal surface 2 of the 
above substrate 1 scanned with a high-level light 
energy and which is obtained from any one of the 
following materials. 

(1) A material which shows a change in the 
atomic arrangement at least in part of the re- 
cording layer 3 being in contact with such a 
deformation portion and permits data recording 
due to a difference in reflectance between the 
portion scanned with high-level light energy and 
the portion irradiated with low-level light energy, 

(2) a material which shows a fusion-induced 
mixing phenomenon or diffusion at least in part 
of the recording layer 3 being in contact with 
such a deformation portion, and permits data 
recording due to a difference in reflectance be- 
tween the portion scanned with high-level light 
energy and the portion irradiated with low-level 
light energy, 

(3) a material which also shows a deformation at 
least in part of the recording layer 3 being in 
contact with such a deformation portion, and 
permits data recording due to a difference in 
reflectance between the portion scanned with 
high-level light energy and the portion irradiated 
with low-level light energy, and 

(4) a material which forms recording elements 
such as a cavity, a void, a hole, etc. at least in 
the interior of the above substrate 1 between the 
substrate 1 and the recording layer 3 or in the 
interior of the recording layer 1 being in contact 
with such a deformation portion, and permits 



data recording for write one read many due to a 
difference In reflectance between the portion 
scanned with high-level light energy and the 
portion irradiated with low-level light energy. 
5 Further, there can be used a material which, 

when the medium is scanned with light energy in a 
pulse form along the guide groove 5a preformated 
on the signal surface 2 of the substrate 1, forms 
recording element such as a cavity, a void, a hole, 
10 etc. at least between the substrate 1 and the re- 
cording layer 3 or in the interior of the recording 
layer 3 thereby to perform data recording without 
any deformation of the substrate and permits data 
recording due to a difference in reflectance be- 
75 tween the portion scanned with high-level light en- 
ergy and the portion irradiated with low-level light 
energy. 

The above recording layer materials may con- 
tain at east one additional element out of, for exam- 

20 pie, Te, Se, S, Hg, As, Po, a halogen element, an 
alkali metal element, an alkaline earth metal ele- 
ment, an actinide element, a lanthanide element, 
etc. Two or more elements may be selected from 
each element group above. In this case, one ele- 

25 ment is considered to be a main component, and 
the other(s) is considered to be an additional ele- 
ment. 

Any element selected from the [N, O, H, Ne, 
Ar, Kr and Xe] element group and any element 

30 selected from the [B, C and P] element group have 
effects that the crystal grain diameter is finely 
decreased and that the stability in an amorphous 
state is increased. Any element selected from the 
[Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Y„ Zr, Nb, Mo, Tc, 

35 Ru, Rh, Pd, Cd. Hf, Ta, W, Re, Os, Ir and Pt] 
element group has effects that the recording sen- 
sitivity is increased by easing the absorption of 
semiconductor laser light and by reducing the ther- 
mal conductivity. Any element selected from the 

40 [Te, Se and S] element group has an effect of 
increasing the stability in an amorphous state aedw 
the oxidation resistance. A halogen atom and an 
alkali metal element have an effect of improving 
the crystallization rate and increasing the stability 

45 in an amorphous state. Further, a rare earth metal 
element, etc., may be used to increase the cry- 
stallization temperature. 

The recording layer containing an element se- 
lected from the above [N, O, H, Ne, Ar, Kr and Xe) 

so element group is preferred in that such a recording 
layer can be formed by an easy method such as a 
reactive sputtering method, etc. Of these, N, O, H, 
etc., are incorporated into the recording layer pref- 
erably by sputtering in an atmosphere of a mixture 

55 gas containing N2, O2 or H2 (e.g. Ar-N2 gas). The 
recording layer containing an element selected 
from the [B, C or P] element group or an element 
selected from the [Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Y, 
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Zr, Nb, Mo, Tc, Ru, Rh, Pd, Cd, Hf, Ta, W, Re. Os, 
Ir and Pt] element group is preferred in that the 
composition is easily controlled in a wide com- 
positional range. However, when a large amount of 
an element selected from the [B, C and P] element 
group is contained in the film, the reflectance is 
decreased. When at least one element selected 
from the [Te, Se and S] element group is added, 
the oxidation resistance of the resultant recording 
layer is remarkably improved. However, it is re- 
quired to give care to handling of Te and Se in that 
these are highly toxic. 

Of the above recording materials, more pre- 
ferred is an alloy which contains at least one ele- 
ment selected from the [Au, Ag, Al and Cu] ele- 
ment group and satisfies all of the conditions that 
the melting point is not more than 900 *C, that the 
thermal conductivity is not more than 35 W/m*k 
and that the light absorptivity is not less than 15%. 
Particularly preferred is an alloy which contains at 
least one element selected from the [Au, Ag, Al 
and Cu] element group and satisfies all of the 
conditions that the melting point is not more than 
850 *C, that the thermal conductivity is not more 
than 25 W/m # k and that the light absorptivity is not 
less tan 20%. 

Of the [Ge, Si, Sn, Pb, Ga. In. Tl, Sb. Bi and 
Zn] element group, Ge, Si, Sn, Ga, In and Zn are 
preferred in that their toxicity is low, and Ge, Si and 
Sn are more preferred in that these can be easily 
formed into an alloy having a low melting point. On 
the other hand, of the [Au, Ag, Al and Cu] element 
group, Au is preferred in that it gives a high reflec- 
tance and excellent corrosion resistance. Ag and 
Cu are preferred in that these give a high reflec- 
tance and are inexpensive. Al is preferred in that it 
gives excellent corrosion resistance and is inexpen- 
sive. 

Of the [N t O, H, He, Ne, Ar, Kr and Xe] 
element group, N f O and H are preferred in that 
these have a large effect of stabilizing an amor- 
phous state and finely decreasing the crystal grain 
diameter. Of these three elements, N is more pre- 
ferred in that a film can be easily formed there- 
from. Of the [Sc, Ti, V, Cr, Mn f Fe, Co, Ni, Y, Zr f 
Nb, Mo, Tc. Ru. Rh, Pd, Cd. Hf. Ta, W, Re. Os, Ir 
and Pt] element group, preferred are Ti, V, Cr, Mn, 
Co, Ni, Nb, Mo, Ta and W. 

Particularly preferred are a combination con- 
taining Sn and Au. Of these, a combination having 
an average composition in the film thickness direc- 
tion represented by the following formula is the 
most preferred. 

Au x Sn y MAaMB b MC c MD d MEe 

wherein MA is at least one member selected from 
the [N, O, H, He, Ne, Ar. Kr and Xe] element 



group, MB is at least one element selected from 
the [B, C and P] element group. MC is at least one 
element selected from the [Sc, Ti, V, Cr, Mn, Fe, 
Co, Ni, Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd. Cd, Hf, Ta, 
s W, Re, Os, Ir and Pt] element group, MD is at least 
one element selected from the [Te, Se and S] 
element group, and ME is an element other than 
those represented by Au, Sn, MA, MB, MC, MD 
and ME. 

10 The element as the above ME is selected, for 

example, from As, Po, Hg, a halogen element, an 
alkali metal element, an alkaline earth metal ele- 
ment, an actinide element, a lanthanide element, 
etc. When a plurality of elements out of any one of 

75 the element groups for MA, MB, MC and MD are 
used, one is considered to belong to such a group, 
and other(s) of a plurality of the elements can be 
considered to be used as an element from the ME 
element group. 

20 In the above formula, each of the suffixes x, y. 

a, b, c, d, and e is a content of the corresponding 
component, and can be set in the following range, 
in which the unit is atomic %. 
10 *x£ 95 

25 5 * y £ 90 
0 * a £ 30 
0 £ b * 30 
0 £ c * 30 
0 £ d £ 30 

30 0 £ e £ 30 

A more preferable result can be obtained by 
setting these contents in the following ranges. 
20 £ x £ 90 
10£y £80 

35 0 £ a * 20 
0 £ b £ 20 
0 £ c £ 20 
0 * d < 20 
0 * e £ 20 

40 A particularly preferred result can be obtained 

by setting these contents in the following ranges. 

30 £ x £ 88 

12 £y £ 70 

0£a£15 
45 0£b£15 

0£ c£ 15 

0^d£15 

0Se£15 

In each of the above compositions as above, 
so when n nearly equals 0, a film can be easily 
formed. 

When an organic dye compound layer is pro- 
vided between either the substrate or the thermal 
deformation layer and the recording layer, the re- 
55 flectance is decreased to some extent. It is there- 
fore preferred to adjust the Sn content to 20 atomic 
% or less, or to form a reflection layer of Au, Al, 
etc., on the surface of the recording layer which is 
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formed on the substrate. 

Each component in the recording layer 3 may 
have a uniform distribution or a concentration gra- 
dient in the film thickness direction. For example, a 
higher distribution of Se or S toward the surface of 
the recording layer is preferred in that the resultant 
medium has excellent oxidation resistance. 

The protection layer 4 is formed from an in- 
organic material such as AIN ( AI2O3, SiN, SiCfe, 
etc.. or an organic material such as a photo-curable 
resin, a thermoplastic resin, etc. The organic ma- 
terial is selected, for example, from polyethylene, 
polystyrene, polyethylene tetrafluoride (Teflon), 
polyimide, an acrylic resin, a polyolefin, polyethyl- 
ene terephthalate, polycarbonate, an epoxy resin, a 
hot-melt adhesive, a UV-curable resin, paraffin, etc. 
Of these materials, a UV-curable resin is preferred 
in that it has excellent slide resistance. A thermo- 
plastic resin is preferred in that the guide groove 
deformation and the recording layer deformation to 
take place together therewith are easily attained. A 
thermoplastic resin and paraffin are preferred in 
that the deformation of the guide groove 5a and the 
deformation of the recording layer 3 to take place 
together are easily attained. Further, since paraffin 
permits the selection of its melting point based on 
the selection of its molecular weight, thermal de- 
signing is facilitated. Since, however, the protection 
effect is low when paraffin is used alone, it is 
preferred to stack a UV-curable resin film thereon. 
When an organic material having a high porosity is 
used, the recording sensitivity is improved as an 
effect of it. The protection layer 4 may be con- 
stituted of two different layers from the above in- 
organic and organic materials. For example, a ther- 
moplastic resin layer is formed on the recording 
layer 3 from a hot-melt adhesive, etc., and then 
layer from an inorganic material such as MH, 
AI2O3, SiN, Si0 2 , etc., or a photo-curable layer 
from a UV-curable resin is formed thereon, where- 
by there can be obtained a medium having a high 
signal modulation factor, excellent recording sen- 
sitivity and excellent slide resistance. 

The above recording layer 3 and the above 
protection layer 4 can be formed by any one of 
known film forming methods such as vacuum 
vaporization, in-gas vaporization, sputtering, ion 
beam vaporization, ion plating, electron beam 
vaporization, injection molding, casting, spin coat- 
ing and plasma polymerization methods. Any lay- 
ers of an inorganic material, such as a recording 
layer, etc., are preferably formed by a sputtering 
method. When an organic materia! is used for the 
protection layer 4, a spin coating or roll coating 
method can be applied depending upon the ma- 
terial. 

Example 2 



Example 2 of the optical data recording me- 
dium of the present invention is explained by refer- 
ence to Fig. 5, which is a cross-sectional view of 
the main part of the optical data recording medium 

5 of this Example. 

The optical data recording medium of this Ex- 
ample has its characteristic feature in that the re- 
cording layer 3 in Example 1 is formed of a lami- 
nate composed of a plurality of thin films having a 

10 different composition. In Fig. 5, a substrate 1 is 
provided, on its signal surface 2, with a recording 
layer 3 formed of a laminate composed of a first 
thin film 3a and a second thin film 3b. However, the 
film structure of the recording layer 3 shall not be 

is limited to two layers, and the recording layer 3 
may be formed of a laminate composed of more 
than two thin films. 

Specific examples of the recording layer 3 are 
as follows. 

20 (1) A layer formed of a laminate composed of at 
least two thin films which are a thin film contain- 
ing at least one element selected from the [Au, 
Ag, Al and Cu] element group and a thin film 
containing at least one element selected from 

25 the [Ge. Si. Sn, Pb, Ga, In, Tl, Sb, Bi and Zn] 
element group. 

(2) A layer formed of a laminate composed of at 
least two thin films which are a thin film contain- 
ing at least one element selected from the [Au, 

30 Ag, Al and Cu] element group and a thin film 
containing at least one element selected from 
the [Ge, Si, Sn, Pb, Ga, In, Tl, Sb, Bi and Zn] 
element group, at least one layer of the laminate 
containing at least one element selected from 

35 the [N, O, H, He, Ne, Ar, Kr and Xe] element 
group or at least one element selected from the 
[B, C and P] element group. 

(3) A layer formed of a laminate composed of at 
least two thin films which are a thin film contain- 

40 ing at least one element selected from the [Au, 
Ag, Al and Cu] element group and a thin film 
containing at least one element selected from 
the [Ge, Si, Sn, Pb, Ga, In, Tl, Sb, Bi and Zn] 
element group, at least one layer of the laminate 

45 containing at least one element selected from 
the [Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Y, Zr, Nb, Mo, 
Tc, Ru, Rh, Pd, Cd, Hf, Ta, W, Re, Os, Ir and Pt] 
element group. 

(4) A layer which corresponds to any one of the 
50 above (1 ) to (3) and which satisfies at least one, 

preferably all, of the three conditions that the 
melting point is not more than 1,000*C, that the 
thermal conductivity is not more than 50 W/m # K 
and that the light absorptivity is at least 15%. 
55 According to a method of recording data, there 

can be used a medium which, when light energy in 
a pulse form is scanned along the recording track 
preformated on a signal surface of the substrate, 
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shows a deformation on the signal surface of the 
above substrate scanned with a high-level light 
energy or on that surface of the above thermal 
deformation layer which is in contact with the 
above recording layer and which is any one of the 
following media. 

(1) A medium which shows a change in the 
atomic arrangement at least in part of the re- 
cording layer being in contact with such a de- 
formation portion, 

(2) a medium which shows a fusion-induced 
mixing phenomenon or diffusion at least in part 
of the recording layer being in contact with such 
a deformation portion, 

(3) a medium which also shows a deformation at 
least in part of the recording layer being in 
contact with such a deformation portion, and 

(4) a medium which forms a cavity at least in 
the interior of the above substrate being in con- 
tact with such a deformation portion, between 
the substrate and the recording layer or in the 
interior of the recording layer. 

Concerning the remaining portions other than 
the recording layer 3, the description in the above 
Example 1 can apply to this Example, and such 
description is therefore omitted. 

Example 3 

Example 3 of the optical data recording me- 
dium of the present invention is explained by refer- 
ence to Fig. 6, which is a cross-sectional view of 
the main part of the optical recording medium of 
this Example. In Fig. 6, those portions correspond- 
ing to those in Fig. 1 are indicated by the same 
numerals. 

The optical data recording medium of this Ex- 
ample has its characteristic feature in that a ther- 
mal deformation layer 1 1 formed from a substance 
having lower heat resistance than a substrate t is 
provided in an interface between the substrate 1 
and a recording layer 3 as shown in Fig. 6. As a 
substance from which to form the thermal deforma- 
tion layer, particularly preferred is a thermoplastic 
resin. The optical data recording medium of this 
Example has a special effect when a highly heat 
resistant substrate having a direct cut for forming a 
preformat pattern of a guide groove 2a, etc., such 
as a glass substrate, a thermosetting resin sub- 
strate, or the like is used as the substrate 1. 
Further, there can be used a low heat-resistant 
thermoplastic resin substrate or a substrate pre- 
pared by forming a replica layer of a photo-curable 
resin on one surface of a glass plate or a ther- 
mosetting resin plate. 

In addition, Fig. 6 shows the recording layer 3 
formed of a single layer. However, the recording 
layer 3 may be formed of a laminate composed of 



a plurality of thin films similarly to the optical data 
recording medium in Example 2. Concerning the 
remaining portions, the description in the above 
Examples 1 and 2 can apply to this Example, and 
5 such description is therefore omitted. 

Example 4 

Example 4 of the optical data recording me- 

10 dium of the present invention is explained by refer- 
ence to Fig. 7, which is a cross-sectional view of 
the main part of the optical data recording medium 
of this Example. In Fig. 7, those portions cor- 
responding to those in Fig. 1 are indicated by the 

75 same numerals. 

The optical data recording medium of this Ex- 
ample has its characteristic feature in that an or- 
ganic dye compound layer 12 is provided in an 
interface between a substrate 1 and a recording 

20 layer 3. The organic dye compound for forming the 
organic dye compound layer 12 is selected, for 
example, from sparingly water-soluble organic dye 
materials such as polymethine dye, anthraquinone 
dye, cyanine dye. phthalocyanine dye, xanthene 

25 dye, triphenylmethane dye, pyrylium dye, azulene 
dye, metal-containing azo dye. etc. The organic 
dye compound layer 12 can be formed by spin- 
coating a solution of one or a mixture of at least 
two of the above organic dye materials in a solvent 

30 on a signal surface of the above transparent sub- 
strate 1 . 

Fig. 7 shows the organic dye compound layer 
12 which is directly formed on the substrate 1. 
However, the organic dye compound layer 12 may 

35 be so formed on a thermal deformation layer 11 
which has been formed on the signal surface 2 of 
the substrate as in the optical data recording me- 
dium in Example 3. Further, Fig. 7 shows the 
recording layer 3 which is formed of a single layer. 

40 However, the recording layer 3 may be so formed 
of a laminate composed of a plurality of thin films 
as in the optical data recording medium in Example 
2. Concerning the remaining portions, the descrip- 
tion in the above Examples 1 , 2 and 3 can apply to 

45 this Example, and such description is therefore 
omitted. 

Example 5 

50 Example 5 of the optical data recording me- 

dium of the present invention is explained by refer- 
ence to Fig. 8, which is a cross-sectional view of 
the main part of the optical data recording medium 
of this Example. In Fig. 8, those portions cor- 

55 responding to those in Fig. 1 are indicated by the 
same numerals. 

As shown in Fig. 8, the optical data recording 
medium of this Example has a reflection layer 
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formed in the interface between a recording layer 3 
and a protection layer 4. As a substance for for- 
ming the reflection layer 13, preferred are metal 
materials such as Au, Ag, Al, etc. 

Fig. 8 shows the recording layer 3 which is 
formed of a single layer. However, the recording 
layer 3 may be so formed of laminate composed of 
a plurality of thin films as in the optical data record- 
ing medium in Example 2. Further, Fig. 8 shows 
the recording layer 3 which is directly formed on a 
substrate 1. However, the recording layer 3 may be 
so formed on a thermal deformation layer 1 1 which 
has been formed on a signal surface 11 of the 
substrate 1 as in the optical data recording medium 
in Example 3, or it may be so formed on the 
thermal deformation layer 11 or an organic dyestuff 
layer 12 after the thermal deformation layer 11 
and/or the organic dyestuff layer 12 have been 
formed on the signal surface 2 of the substrate 1 
as in the optical data recording medium in Example 
4. Concerning the remaining portions, the descrip- 
tion in the above Examples 1 to 4 can apply to this 
Example, and such description is therefore omitted. 

Example 6 

Example 6 of the optical data recording me- 
dium of the present invention is explained by refer- 
ence to Fig. 9, which is a cross-sectional view of 
the main part of the optical data recording medium 
of this Example. In Fig. 9, those portions cor- 
responding to those in Fig. 1 are indicated by the 
same numerals. 

As shown in Fig. 9, the optical data recording 
medium of this Example has its characteristic fea- 
ture in that an intermediate layer 14 and a reflec- 
tion layer 13 are consecutively formed on that 
surface of a recording layer 3 which is opposite to 
a substrate 1. 

The intermediate layer 14 contains oxide of at 
least one element selected from the group consist- 
ing of Ce, La, Si, In, Al, Ge, Pb, Sn, Bi, Te, Ta, Sc, 
Y, Ti f Zr, V, Nb, Cr and W; sulfide or selenide of at 
least one element selected from the group consist- 
ing of Cd. Zn, Ga, In, Sb, Ge, Sn, Pb and Bi; 
fluoride of Mg, Ce, Ca, etc.; nitride of Si, Al, Ta, B, 
etc.; carbide of B, Si, etc.; boride of Ti, etc.; boron; 
or carbon. And, the main component thereof has a 
composition near to one of Ce0 2 , La203, SiO, 
Si0 2 , ln 2 0 3 . Al 2 0 3 , GeO, Ge0 2 , PbO, SnO, Sn0 2 , 
Bi 2 0 3 , Te0 2 , Ta 2 Os, Sc 2 0 3 , Y 2 03, Ti0 2 , ZrO?, 
V 2 0 5 , NteOs, Cr 2 0 3 . WO2, W0 3 , CdS, ZnS, CdSe, 
ZnSe, ln 2 S 3 , ln 2 Se 3 , SteS-j, Sb 2 Se 3 , Ga 2 S 3 , 
Ga 2 Se 3 , GeS, GeSe, GeSe 2 , SnS, SnS 2 , SnSe. 
SnSe 2l PbS, PbSe, Bi 2 Se 2 , Bi 2 S 3 , MgF 2 , CeF 3 , 
CaF 2 , TaN, Si 3 N 4 , AIN, BN, Si, TiB 2 , B*C, SiC, B 
and C; and a mixture of these. 

Of the above sulfides, sulfides having a com- 



position near to ZnS are preferred in that a refrac- 
tive index of a proper degree is obtained and that 
the resultant film is stable. Of the above nitrides, 
nitrides having a composition near to TaN, Si 3 N*, 

5 AIN (aluminum nitride) or AISiN 2 are preferred in 
that the surface reflectance is not too high and that 
the resultant film is stable and rigid. Of the above 
oxides, oxides having a composition near to Y 2 0 3 , 
Sc 2 Cb, Ce0 2 , Ti02, Zr0 2 , SiO, Ta 2 Os. toOs. 

10 Al 2 0 3 , Sn0 2 or Si0 2 are preferred. Amorphous 
compounds of Si containing H are also preferred. 

The material for the reflection layer 13 is so 
selected from metal materials such as Au, Ag, Al, 
etc., as in the above Example 5. 

75 Fig. 9 shows the recording layer 3 which is 

formed of a single layer. However, the recording 
layer 3 may be so formed of a laminate composed 
of a plurality of thin films as in the optical data 
recording medium in Example 2. Further, Fig. 9 

20 shows the recording layer 3 which is directly 
formed on the substrate 1. However, the recording 
layer 3 may be so formed on a thermal deforma- 
tion layer 11 which has been formed on a signal 
surface 1 1 of the substrate 1 as in the optical data 

25 recording medium in Example 3, or it may be so 
formed on the thermal deformation layer 11 or an 
organic dyestuff layer 12 after the thermal deforma- 
tion layer 11 and/or the organic dyestuff layer 12 
have been formed on the signal surface 2 of the 

30 substrate 1 as in the optical data recording medium 
in Example 4. Concerning the remaining portions, 
the description in the above Examples 1 to 4 can 
apply to this Example, and such description is 
therefore omitted. 

35 The data recording apparatus, the principle of 
recording data on the above data recording me- 
dium and the principle of playing back data with a 
CD or VD player are explained hereinafter. 

Fig. 10 is a schematic view of the optical data 

40 recording apparatus of the present invention, which 
has a spindle motor 22 which actuates any one of 
the optical data recording media of the above Ex- 
amples when it is set removably, an objective lens 
23 arranged so as to face a substrate 1 of an 

45 optical data recording medium 21, a laser light 
source 24, a laser actuation circuit 25, a signal 
source 26 and a recording signal generation circuit 
27 which processes a signal inputted from the 
signal source 26 and generates a signal to be 

50 recorded in the optical data recording medium 21. 

The medium actuation portion 22, in objective 
lens 23 and the laser light source 24 can be 
selected from devices to be mounted on a known 
optical data recording medium actuation apparatus 

55 of write once read many type. 

The signal source 26 can be selected from a 
CD player, a record player, an audio tape player, a 
radio receiving set, a VD player, a video cassette 
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recorder, a television set, etc. The signal source 26 
may be mounted on the optical data recording 
apparatus of the present invention, or connected 
thereto as a peripheral device. 

The recording signal generation circuit 27 tran- 
sduces an analog signal inputted from the signal 
source 26 to a digital signal and also modulates the 
digital signal [Fig. 1 1 (a)] by a modulation method 
employed for CD and VD (e.g. EFM modulation for 
CD) to output a pulse-formed recording signal [Fig. 
11(b)] having an intensity corresponding to a signal 
intensity read out from a CD player, a VD player, 
etc. 

The laser actuation circuit 25 actuates the laser 
light source 24 and modulates the intensity of laser 
beam 29 such that the optical data recording me- 
dium 21 is irradiated with high-level laser beam 
corresponding to a high-level signal of the record- 
ing signal and with low-level laser beam corre- 
sponding to a low-level signal of the recording 
signal as shown in Fig. 11(c). 

In this case, the intensity of the above low-level 
laser beam is adjusted to such a value that the 
reflectance of that portion of the optical data re- 
cording medium 21 which is scanned with laser 
beam at said level does not change. Meanwhile, 
the intensity of the above high-level laser beam is 
adjusted as follows according to the kind of the 
recording layer 3 of the optical data recording 
medium 21 . That is: 

(1) In the optical data recording medium to write 
data once by deforming the signal surface 2 of 
the substrate 1 or that surface of the thermal 
deformation layer 6 which is in contact with the 
recording layer 3, and also causing a change in 
the atomic arrangement at least in part of the 
recording layer 3 being in contact with such a 
deformation portion, the above intensity is ad- 
justed to cause such a thermal change in either 
the substrate 1 or the thermal deformation layer 
6 and the recording layer 3. 

(2) In the optical data recording medium to write 
data once by deforming the signal surface 2 of 
the substrate 1 or that surface of the thermal 
deformation layer 6 which is in contact with the 
recording layer 3, and also causing a fusion- 
induced mixing phenomenon or diffusion at least 
in part of the recording layer 3 being in contact 
with such a deformation portion, the above in- 
tensity is adjusted to cause such a thermal 
change in either the substrate 1 or the thermal 
deformation layer 6 and the recording layer 3. 

(3) In the optical data recording medium to write 
data once by deforming the signal surface 2 of 
the substrate 1 or that surface of the thermal 
deformation layer 6 which is in contact with the 
recording layer 3, and also causing a deforma- 
tion at least in part of the recording layer 3 



being in contact with said deformation portion, 
the above intensity is adjusted to cause such a 
thermal change in either the substrate 1 or the 
thermal deformation layer 6 and the recording 

s layer 3. 

(4) In the optical data recording medium to write 
data once by deforming the signal surface 2 of 
the substrate 1 or that surface of the thermal 
deformation layer 6 which is in contact with the 

10 recording layer 3, and also forming a cavity at 
least in the interior of the above substrate or 
thermal deformation layer being in contact with 
such a deformation portion, between either the 
substrate or the thermal deformation layer and 

75 the recording layer or in the interior of the 
recording layer, the above intensity is adjusted 
to cause such a thermal change in either the 
substrate 1 or the thermal deformation layer 6 
and the recording layer 3. 

20 (5) In the optical data recording medium to write 
data once by forming a cavity at least between 
the substrate and the recording layer or in the 
interior of the recording layer without causing a 
deformation of the substrate 1, the above inten- 

25 sity is adjusted to cause such a thermal change 
in the recording layer 3. 

The principle of recording data on the optical 
data recording medium with the above apparatus 
and the principle of playing back data with a CD 
30 player, etc., are explained below by reference to a 
case in which data is written once on the guide 
groove 5a preformated on the substrate 1. 

< First example of the principles of recording and 
35 reading data> 

When laser beam 6 of which the intensity has 
been modulated as above is scanned along the 
above guide groove 5a, the light energy of the 

40 laser beam in a portion irradiated with high-level 
laser beam is transduced to heat energy, and the 
above guide groove 5a is thermally deformed to a 
flat form due to the heat as shown in Fig. 12. And, 
at the same, that part (hatching) of the above 

45 recording layer 3 which is in contact with such a 
deformation portion 8 undergoes a change 7 in the 
atomic arrangement, e.g. a change in a crystal 
grain diameter or crystal system, a change in an 
amorphous state and a crystalline state, diffusion, 

50 etc., and the reflectance of that part increases 
when that part is irradiated with reading laser 
beam. On the other hand, in a portion irradiated 
with low-level laser beam, no high heat is gen- 
erated. As a result, the form of the guide groove 5a 

55 and the state of the recording layer 3 are retained 
as they have been, and the reflectance does not 
increase. 

Fig. 11(d) shows an arrangement of a high 



25 



EP0 474 311 A1 



26 



reflectance portion 31 and a low reflectance portion 
32 recorded in the optical data recording medium 
21. In this case, the high reflectance portion 31 
corresponds to a recording pitch. As described 
above, the medium is irradiated with high-level 
laser beam correspondingly to a high-level signal 
of recording signals corresponding to the intensity 
of signals read out from the signal source 26, and 
with a low-level laser beam corresponding to a low- 
level signal of recording signals. Therefore, data 1 
is allotted to a start point and an end point of the 
low-level signal of the recording signals, i.e. a front 
end and back end of the low reflectance portion 32, 
and data 0 is allotted to the other portion, whereby 
desired data is recorded as a change in reflectance 
on the optical data recording medium 21 . 

When the optical data recording medium 21 on 
which data has been written once as described 
above is played back with a CD or VD player, the 
signal portion is read out as a low-level reflection 
signal as shown in Fig. 11(e), and data is played 
back. In this case, when the signal source is a CD 
player and CD-ROM is used as a medium for the 
signal source, the CD-ROM shows a pit alignment 
as shown in Fig. 11(f). Numeral 33 indicates a 
record pit. Thus, in this Example, the pit alignment 
is formed in a reversed shape to the medium of the 
signal source. In addition, Fig. 12 shows the me- 
dium having no thermal deformation layer. How- 
ever, when the medium has an thermal deformation 
layer, the thermal deformation layer is deformed 
instead of the substrate 1 thereby to record data 
according to the same principle as above. 

<Second example of the principle of recording and 
reading data> 

In the optical data recording medium of which 
the recording layer 3 is formed of a plurality of 
layers, as shown in Fig. 13, that portion of the 
guide groove 5a which is irradiated with high-level 
laser beam is thermally deformed to a flat form. 
And, a fusion-induced mixing phenomenon takes 
place in that part (hatching) of the above recording 
layer 3 which is in contact with such a deformation 
portion 8, and the reflectance of said part, when the 
part is irradiated with reading laser beam, in- 
creases. On the other hand, in a portion irradiated 
with low-level laser beam, no high heat is gen- 
erated. Therefore, the form of the guide groove 5a 
and the state of the recording layer 3 are retained 
as they have been, and the reflectance of this 
portion does not increase. Consequently, a high 
reflectance portion and a low reflectance portion, 
which correspond to recording signals, are formed 
on the optical data recording medium 21, whereby 
data is recorded. Signals, i.e. an alignment of high 
reflectance portions and low reflectance portions, 



and the principle of playing back the signals with a 
CD or VD player are the same as those in Example 
1 , and the expiation thereof is therefore omitted. In 
addition, Fig. 13 shows the optical data recording 
5 medium having no thermal deformation layer. How- 
ever, when the medium has an thermal deformation 
layer, the thermal deformation layer is deformed 
instead of the substrate 1 thereby to record data 
according to the same principle as above. 

70 

<Third example of the principle of recording and 
reading data> 

The third example shows an embodiment in 

75 which data is recorded without causing a change in 
the atomic arrangement or a fusion-induced mixing 
phenomenon in the recording layer 3. It depends 
on the composition, film structure, etc., of the re- 
cording layer 3 whether or not a change in the 

20 atomic arrangement or a fusion-induced mixing 
phenomenon is caused in the recording layer 3. In 
this case, as shown in Fig. 14, that part of the 
guide groove 5a which is irradiated with high-level 
laser beam is thermally deformed to a flat form, 

25 and at the same time, part of the above recording 
layer 3 which is in contact with such a deformation 
portion is deformed correspondingly to the de- 
formation of the guide groove 5a. As a result, the 
reflectance of such a part, when the part is irradi- 

30 ated with reading layer light, increases. On the 
other hand, in a portion irradiated with low-level 
laser beam, no high heat is generated, and as 
result, the form of the guide groove 5a and the 
state of the recording layer 3 are retained as they 

35 have been, and the reflectance of this portion does 
not increase. Thus, a high reflectance portion and a 
low reflectance portion, which correspond to re- 
cording signals, are formed on the optical data 
recording medium 21 to record data. Signals, i.e. 

40 an alignment of high reflectance portions and low 
reflectance portions, and the principle of playing 
back the signals with a CD or VD player are the 
same as those in Example 1, and the expiation 
thereof is therefore omitted. 

45 In addition, the guide groove 5a after deformed 
does not necessarily have a form as shown in Fig. 
14, and may have a form so as to reduce diffrac- 
tion light or reduce an interference effect. For ex- 
ample, the bottom of the guide groove 5a has a 

so wave form as shown in Fig. 15. Further, that side of 
the recording layer 3 which is not in contact with 
the substrate 1 may have a deformed form or an 
underformed form. Further, Fig. 14 shows the op- 
tical data recording medium having no thermal 

55 deformation layer. However, when the medium has 
an thermal deformation layer, the thermal deforma- 
tion layer is deformed instead of the substrate 1 
thereby to record data according to the same prin- 
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ciple as above. 

< Fourth example of the principle of recording and 
reading data> 

The fourth example shows an embodiment in 
which a cavity is formed at least in the interior of 
the substrate or the thermal deformation layer, be- 
tween either the substrate or the thermal deforma- 
tion layer or in the interior of the recording layer to 
record data. It depends on the composition and 
film structure of the recording layer 3 and the 
thermal decomposition temperature of the sub- 
strate 1 whether or not a cavity is formed in any of 
the above portions. 

When laser beam of which the intensity is so 
modulated as in Fig. 11 (a), (b) and (c) is scanned 
on the guide groove 5a, the light energy of the 
laser beam is transduced into heat energy due to 
the above recording layer 3 in a portion irradiated 
with high level laser beam, and the substrate 1 is 
thermally decomposed due to the heat. Due to gas 
generated during the above process, a cavity A is 
formed as shown in Fig. 16, and the guide groove 
5a is deformed. At the same time, part of the 
recording layer 3 which is in contact therewith is 
also deformed, and the reflectance of such a de- 
formation portion, when the deformation portion is 
irradiated with reading laser light, increases. On the 
other hand, in a portion irradiated with low-level 
laser beam, no high heat is generated. Therefore, 
the form of the guide groove 5a and the state of 
the recording layer 3 are retained as they have 
been, and the reflectance does not increase. As a 
result, a high reflectance portion and a low reflec- 
tance portion, which correspond to recording sig- 
nals, are formed to record data. 

In addition, the guide groove 5 after deformed 
does not necessarily have a form as shown in Fig. 
16, and it is sufficient to form a cavity A with which 
to decrease diffraction light or increase the reflec- 
tance under an interference effect. For example, 
the cavity A may be formed between the substrate 
1 and the recording layer 3 or in the interior of the 
recording layer 3 as shown in Fig. 17. A plurality of 
cavities A naturally may be formed in at least two 
places: an interior of the substrate 1, a place be- 
tween the substrate 1 and the recording layer 3 
and an interior of the recording layer 3. Further, 
when the side of the recording layer 3 which is not 
in contact with the recording layer 3 is deformed, 
and when the recording layer has a small thick- 
ness, a high reflectance is obtained. When the 
recording layer 3 has a relatively large thickness, 
said side may have a deformed form or an under- 
formed form. 

As shown in Fig. 18, (a) and (b), any one of the 
surface of the substrate 1, that surface of the 



recording layer 3 which is on the substrate 1 side 
and that surface of the recording layer 3 which is 
opposite to the substrate may not be deformed. 
Further, the cavity A may not necessarily consist of 
5 one cavity, and may consists of at least two cav- 
ities as shown in Fig. 18(c). 

The cavity A is formed when the temperatures 
of either the substrate or the thermal deformation 
layer and the recording layer increase, and a sub- 
w stance contained therein or its decomposition prod- 
uct is converted to a gas. When the substrate 1 is 
formed of a plastic, such a substance may be a 
surface lubricant or a heat stabilizer in some cases. 
Examples of the gas are hydrocarbon, hydrogen, 
is oxygen, nitrogen, H 2 O t Ar, CO. C0 2 , etc. When the 
cavity is formed in the interior of the substrate or 
the thermal deformation layer or between either the 
substrate or the thermal deformation layer and the 
recording layer, and when these have a low ther- 
20 mal decomposition temperature, the gas is easily 
generated even if the light energy is small, and the 
cavity is therefore easily formed. As a result, ex- 
cellent recording sensitivity is obtained. When the 
substrate or the thermal deformation layer contains 
25 a large amount of a low molecular weight compo- 
nent, the same effect as above can be also ob- 
tained. However, when the content of the low mo- 
lecular weight component is large, the recording 
layer is liable to be easily corroded. When the 
30 cavity is formed between either the substrate or the 
thermal deformation layer and the recording layer 
or within the recording layer, and when the record- 
ing layer contains an element such as nitrogen, 
oxygen, argon, etc., these are converted to a gas- 
35 eous form, and the cavity is easily formed. How- 
ever, when the content of these elements is large, 
these move out of the recording layer, and these 
are undesirably liable to cause a change in the 
recording sensitivity with time. 
40 In general, when the guide groove of the op- 
tical data recording medium is irradiated with light 
energy of laser light, etc., the reflectance (quantity 
of light returned to a detector) decreases due to 
light diffraction and interference (Fig. 19). However, 
45 when the guide groove is irradiated with light en- 
ergy having a predetermined magnitude, the cavity 
A is formed at least in the interior of the substrate 
or thermal deformation layer, between either the 
substrate or the thermal deformation layer and the 
so recording layer or in the interior of the recording 
layer. As a result, there is an effect that a multiple 
interference effect is produced whereby the reflec- 
tance is improved [Fig. 20. (a), (b) and (c)]. There- 
fore, even with the medium of which the mirror 
55 portion has a reflectance of not more than 70%, a 
high reflectance can be obtained. As an example, 
Fig. 21 shows the dependency of the reflectance 
upon the cavity thickness when the cavity A is 



29 



EP 0 474 31 1 A1 



30 



formed between the substrate 1 and the recording 
layer 3 in the medium having a reflectance of 55%. 
As shown in Fig. 21, when the cavity A has a 
thickness of about 100 nm to 250 nm, a reflectance 
of not less than 70% can be obtained. Thus, the 5 
reflectance of the deformed portion having the cav- 
ity A can be increased to 70% or more. Moreover, 
the cross-sectional form, depth and width of the 
guide groove are properly selected, whereby a 
signal modulation factor of not less than 60% at a w 
11T recording time and a signal modulation factor 
of 30% to 70% at a 3T recording time can be 
achieved. 

Other embodiments of the present invention 
are listed below. *s 

(1) In addition to the above Examples in which 
data is recorded on te guide groove 5a, data 
can be also recorded by scanning intensity- 
modulated light energy along a mirror portion 
between adjacent guide grooves to cause a 20 
thermal change in the mirror portion. 

(2) In addition to the above Examples in which 
the light energy intensity is adjusted so as not to 
change the reflectance of a portion scanned with 
low-level light energy, the light energy intensity 25 
can be adjusted to such a value that the reflec- 
tance of a portion scanned with low-level light 
energy changes to some extent when a neces- 
sary signal modulation factor can be obtained. 

(3) In addition to the above Examples in which 30 
data is recorded by thermally deforming both 

the guide groove 5a and the recording layer, 
data can be recorded on the basis of a thermal 
deformation of the recording layer alone when a 
necessary signal modulation factor can be ob- 35 
tained. 

(4) In addition to the above Examples in which 
laser light source is used as an energy source 
for recording data on the optical data recording 
medium 21 , other radiation energy sources such 40 
as electron beam source, etc., can be used. 

(5) In the above Examples, in order 1o record 
data playable back with a CD or VD player, such 
data is recorded on the optical data recording 
medium 21 by a so-called pit edge recording 45 
method in which data 1 is allotted to the front 

end and back end of the low reflection portion 
32 and data 0 is allotted to other portion. In 
addition to the above Examples, in order to 
record data which can be played back with a 50 
player adapted for playing back data which is 
recorded according to other recording method 
such as a pit position recording method, etc., 
such data can be recorded on the optical data 
recording medium 21 according to a desired 55 
recording method by suitably modifying the re- 
cording signal generation circuit 27. 

(6) In addition to the above Examples in which 



the explanation is made by reference to an 
apparatus suitable for a recording medium hav- 
ing a disk form is used, the apparatus of the 
present invention can be used an apparatus 
suitable for a recording medium having a card 
form by modifying the medium actuation portion 
22, etc. 

(7) In addition to the above Examples in which 
the explanation is made by reference to an 
apparatus specialized for recording, the appara- 
tus of the present invention can be equipped 
into a CD player, a VD player, etc., to form a 
recording and playing apparatus. 

(8) In addition to the above Examples in which 
signal patterns 5a and 5b are formed in nearly 
all of the substrate 1 area so that data can be 
written once, the recording area of the substrate 
1 can be divided into a ROM area 41 in which 
ROM data is recorded in a prepit form suitable 
for the CD format and a write once area 42 in 
which the above signal pattern is formed for 
writing data once, as is shown in Fig. 22. 

More specific Experiment Examples are de- 
scribed below to make clear the effects of the 
present invention. 

Experiment Example 1 

A polycarbonate substrate having a diameter of 
12 cm and a thickness of 1.2 mm was placed in a 
magnetron sputtering apparatus having a plurality 
of targets, which was excellent in uniformity of film 
thickness and reproducibility. And, a recording lay- 
er, i.e. a thin film having a thickness of about 80 
nm and a composition of Au7oGe3o was formed on 
the substrate. Then, a protection layer having a 
thickness of 100 urn was formed on the thin film 
from a UV-curable resin. 

With the above-obtained optical disk, data was 
recorded and played back under the following con- 
ditions. At first, while the linear velocity of the 
optical disk was set at 1.2 m/s, the light of a 
semiconductor laser (wavelength 780 nm) was 
maintained at a level (about 1 mW) at which no 
recording was carried out. This light was converged 
through a lens in a recording head to irradiate the 
recording layer through the substrate, and while 
reflected light was detected, a recording head was 
actuated such that the center of a light spot was 
focused on a tracking guide groove. While the 
tracking was conducted as above, te automatic 
focussing was conducted so as to focus on the 
recording layer, and the medium was irradiated 
with the laser light to form pits. Thereafter, while 
the tracking and the automatic focussing were con- 
ducted in the same manner as in the recording 
time, data was read by detecting the intensity of 
reflected light with a semiconductor laser having a 
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low power used for the recording. 

In this Experiment Example, when the reading 
light power was set at 1 mW, the mirror portion of 
the disk gave a signal intensity of about 450 mV, 
which was nearly at the same level as that of CD. 
Further, when a signal (11T signal) having a fre- 
quency of 196 KHz was recorded with a recording 
power of 7 mW, a signal modulation factor of about 
70% was obtained. 

A test piece having a track on which the above 
recording was conducted was taken out from the 
disk, and immersed in tetrahydrofuran to dissolve 
the polycarbonate, whereby the recording layer 
alone was obtained. The test piece was observed 
with a transmission electron microscope to show 
that the unrecorded portion was in a crystalline 
state and the recorded portion was in an amor- 
phous state. Further, the recording layer alone was 
removed from a test piece containing a recorded 
track, and the remainder was observed with a scan- 
ning electron microscope to show that the recorded 
portion of the substrate was deformed. As de- 
scribed above, the recording was conducted by 
causing a change in the atomic arrangement in the 
recording layer and a deformation of the substrate, 
whereby a high signal modulation factor was ob- 
tained, which is one of the features of the present 
invention. 

Data was also recorded between adjacent 
guide grooves in the same manner as in the re- 
cording on the guide groove, whereby similar char- 
acteristics were obtained. However, the signal mod- 
ulation factor was a little smaller than that obtained 
in the recording on the groove. 

The medium in this Experiment Example was 
also excellent in environmental resistance, i.e. The 
medium showed almost no change in te reflectance 
and transmissivity even after it had been placed 
under an environment having an ambient tempera- 
ture of 80 'C and a relative humidity of 90% for 
1,000 hours. 

In addition, when part or all of the Au content 
was replaced with at least one element of Ag, Cu 
and Al, very similar characteristics were obtained. 
And, when part or all of the Ge content was re- 
placed with at least one element of Si and Sn, very 
similar characteristics were obtained. 

Further, when a reflection layer was formed on 
that side of the recording layer which was opposite 
to the substrate, reading output signal was im- 
proved. And, when an intermediate layer was 
formed between the recording layer and the above 
reflection layer, the recording sensitivity was im- 
proved. In particular, the intermediate layer having 
the composition near to one of the following or a 
mixture thereof exhibited an effect: CeCh, La 2 0 3 , 
SiO, Si0 2 , ln 2 0 3 , AI2O3, GeO, Ge0 2 . PbO, SnO, 
SnOa, Bi 2 0 3 , Te0 2> Ta 2 Os, Sc 2 0 3 , Y 2 0 3 , Ti0 2 , 



Zr0 2 . V 2 Os, Nb 2 05, Cr 2 0 3 , WCfe, W0 3 , CdS, ZnS, 
CdSe, ZnSe, ln 2 S 3 , ln 2 Se 3 , SteSs. SteSes, Ga 2 S 3 , 
Ga2Se 3 . GeS, GeSe, GeSe 2 , SnS, SnS2, SnSe, 
SnSe 2 , PbS, PbSe, Bi 2 Se 3 , Bi 2 S 3 , MgF 2 , CeF 3 , 
5 CaF 2l TaN, Si 3 N*, AIN, BN. Si, TiB 2 , B*, SiC, B 
and C. 

Further, when a polyolefin, epoxy or acrylic 
resin substrate on which a signal pattern of a guide 
groove, etc., had been directly formed was used in 
10 place of the polycarbonate substrate, nearly the 
same results as above were also obtained. 

Experiment Example 2 

75 A polycarbonate substrate having a diameter of 

12 cm and a thickness of 1.2 mm was placed in a 
magnetron sputtering apparatus which was excel- 
lent in uniformity of film thickness and reproduc- 
ibility, and a recording layer, i.e. a thin film having 

20 a thickness of about 30 nm and a composition of 
Au 7 oGe 3 o was formed on the substrate. 

With the above-obtained optical disk, data was 
recorded and read under the following conditions. 
At first, while the linear velocity of the optical disk 

25 was set at 1.2 m/s. the light of a semiconductor 
laser (wavelength 780 nm) was maintained at a 
level (about 1 mW) at which no recording was 
conducted. This light was converged through a lens 
in a recording head to irradiate the recording layer 

30 through the substrate, and while reflected light was 
detected, the automatic focussing was conducted 
so as to focus on the recording layer. While the 
automatic focussing was conducted as above, the 
tracking was conducted by actuating the head such 

35 that the center of a light spot was focussed on the 
tracking guide groove, and the guide groove was 
irradiated with the laser light to form a high reflec- 
tance portion. Thereafter, while the tracking and the 
automatic focussing were conducted in the same 

40 manner as in the recording time, data was read by 
detecting the intensity of reflected light with a 
semiconductor laser having a low power. 

In this Experiment Example, when the reading 
light power was set at 1 mW, a signal intensity of 

45 about 120 mV was obtained. When a signal (11T 
signal) having a frequency of 196 KHz was re- 
corded with a recording power of 7 mW, the read- 
ing intensity at the recording portion was about 450 
mV, which was nearly at the same level as that of 
50 commercially available CDs. The reading intensity 
at the mirror portion of this disk was about 400 mV. 

Further, when a signal of 720 KHz (3T signal) 
was recorded, the resultant signal amplitude was 
150 mW. In this case, the recording pulse width 
55 was decreased, whereby the reading signal 
waveform became more symmetrical, and the sig- 
nal amplitude was also improved. 

A test piece containing a track on which the 3T 



EP0 474 311 A1 



34 



signal had been recorded was taken from the disk, 
and immersed in tetrahydrofuran to dissolve poly- 
carbonate, and the recording layer alone was ob- 
tained. The recording layer was observed with a 
transmission electron microscope to show that its 
unrecorded portion was in a crystalline state in 
which the crystal grain diameter was small and its 
recorded portion was in a crystalline state in which 
the crystal grain diameter was large. In the re- 
corded portion, the recording layer had once fused 
and then crystallized during the cooling step, and 
the crystal therefore grown radially. 

The length and width of the crystal were both 
about 1.5 um. Further, a test piece containing a 
recorded track was immersed in aqua regia to 
remove the recording layer alone. The remainder 
was observed with a scanning electron microscope 
to show that the guide groove in the recorded 
portion was deformed to a flat form. The flat form 
had a length of about 0.8 um and a width ol about 
0.7 um. Another test piece which had been im- 
mersed in aqua regia for a loner period of time was 
also observed with a scanning electron microscope 
to show a pit having a length of about 0.8 um and 
a width of about 0.7 um. This pit was a cavity 
formed in the substrate during the recording. Thus, 
not only the guide groove was deformed, but also a 
change in the atomic arrangement was caused in 
the recording layer, whereby a larger signal modu- 
lation factor was obtained. 

When te Au content (atomic %) in the above 
recording layer was changed, the reading output 
signal level (mW) and the recording power (mW) in 
the recorded portion changed as shown in Fig. 23. 
Further, when substrates having a different de- 
composition temperature CC) were used in the 
above medium, the recording power (mW) was 
changed as shown in Fig. 24. Furthermore, when Ti 
in a variety of amounts was used in the above 
recording layer while the constant ratio between 
the Au and Sn contents was maintained, the read- 
ing output signal level (mW) and the noise level 
(dBm) in the recorded portion changed as shown in 
Fig. 25. 

The medium obtained in this Experiment Ex- 
ample was excellent in environmental resistance, or 
the medium showed almost no change in the re- 
flectance and transmissivity even after it had been 
placed under an environment having an ambient 
temperature of 80 # C and a relative humidity of 
90% for 1,000 hours. 

In addition, when part or all of the Au content 
was replaced with at least one element of Ag, Cu 
and Al, very similar characteristics were obtained. 
When part or all of the Sn content was replaced 
with at least one element of Ge and Si, very similar 
characteristics were also obtained. When part of all 
of the Sn content was replaced with at least one 



element of Pb, Ga, In, TI, Sb, Bi and Zn, very 
similar characteristics were also obtained. In this 
case, however, the resultant medium had a little 
low reflectance or recording sensitivity. 

5 Further, an optica! data recording medium was 

prepared in the same manner as in the preparation 
of the above optical data recording medium except 
that a hot-melt adhesive layer was formed on the 
recording layer with a roll coater and that a protec- 

io tion film having a thickness of about 100 um was 
formed from a UV-curable resin by a spin coating 
method. This optical recording medium gave very 
similar characteristics, although it showed a little 
low recording sensitivity. When the above process 

75 was also repeated except that a thermoplastic resin 
and a paraffin were respectively used in place of 
the above hot-melt adhesive, the resultant optical 
data recording media showed very similar char- 
acteristics. 

20 Further, when a reflection layer was formed on 

that side of the recording layer which was opposite 
to the substrate, the reading output signal was 
improved. And, when an intermediate layer was 
formed between the recording layer and the above 

25 reflection layer, the recording sensitivity was im- 
proved. In particular, the intermediate layer having 
the composition near to one of the following or a 
mixture thereof exhibited an effect: CeCfe, La203, 
SiO, SiOa, ln 2 03, Al 2 0 3 , GeO, GeCfe, PbO, SnO, 

30 Sn0 2 , Bi 2 0 3 , TeCfe, Ta^, Sc 2 0 3 , Y 2 0 3l Ti02, 
Zr0 2 , V 2 Os. NfcOs, Cr 2 0 3 , WCb. W0 3 , CdS, ZnS, 
CdSe, ZnSe, ln 2 S 3t ln 2 Se 3 , Sb2S 3 , SteSes, Ga 2 S 3 , 
Ga 2 Se 3 , GeS, GeSe, GeSe^ SnS, SnS 2 , SnSe, 
SnSe 2 , PbS, PbSe, Bi 2 Se 3 , Bi 2 S 3 , MgF 2> CeF 3 , 

35 CaF 2 , TaN, Si 3 N 4 , AIN, BN, Si, TiB 2 , B*, SiC, B 
and C. 

Further, when a polyolefin, epoxy or acrylic 
resin substrate on which a signal pattern of a guide 
groove, etc., had been directly formed was used in 

40 place of the polycarbonate substrate, nearly the 
same results as above were also obtained. 

According to the present invention, there is 
provided an optical recording medium which per- 
mits recording of signals which can be played back 

45 with a CD player and a VD player, and which has 
excellent weatherability and high reliability. 

Claims 

so 1. An optical data recording medium comprising 
a single-layered or multi-layered thin film 
which contains at least a recording layer and is 
supported on a single surface of a substrate, 
the recording layer having an alloy portion 

55 comprising at least one element selected from 

the group consisting of Au, Ag, Al and Cu at 
least in part of the film surface direction, and 
being formed on the above signal surface of 
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the substrate directly or through a thermal de- 
formation layer composed of a substance hav- 
ing lower heat resistance than the substrate. 

A medium according to claim 1, wherein the 
recording layer is formed of a uniformly com- 
posed alloy which comprises at least one ele- 
ment selected from the group consisting of Au, 
Ag, Al and Cu, and at least one element se- 
lected from the group consisting of Ge, Si, Sn, 
Pb, Ga, In, Tl, Sb, Bi and Zn. 

. A medium according to claim 1, wherein the 
recording layer is formed of a material which is 
an alloy comprising at least one element se- 
lected from the group consisting of Au, Ag, Al 
and Cu, and at least one element selected 
from the group consisting of Ge, Si, Sn, Pb, 
Ga, In, Tl, Sb, Bi and Zn, and which has a 
composition changed in the film thickness di- 
rection. 

. A medium according to claim 1. wherein the 
recording layer is formed of a laminate having 
a thin film which comprises at least one ele- 
ment selected from the group consisting of Au. 
Ag, Al and Cu. and a thin film which comprises 
at least one element selected from the group 
consisting of Ge, Si, Sn, Pb, Ga, In, Tl, Sb, Bi 
and Zn. 

5- A medium according to claim 1, wherein the 
recording layer is formed from a material con- 
taining at least one element selected from the 
group consisting of Au, Ag, Al and Cu, and 
either at least one element selected from the 
group consisting of N, 0, H, He, Ne, Ar, Kr and 
Xe or at least one element selected from the 
group consisting of B, C and P. 

6. A medium according to claim 1, wherein the 
recording layer is formed from a material 
which comprises at least one element selected 
from the group consisting of Au, Ag, Al and 
Cu, and at least one element selected from the 
group consisting of Ge, Si, Sn, Pb, Ga, In, Tl, 
Sb, Bi and Zn. and which further contains 
either at least one element selected from the 
group consisting of N, O. H, He, Ne, Ar f Kr and 
Xe or at least one element selected from the 
group consisting of B, C and P. 

7. A medium according to claim 5 or claim 6, 
wherein the recording layer is formed from the 
material having a uniform composition. 

8. A medium according to claim 5 or claim 6, 
wherein the recording layer is formed from the 



material having a composition changed in a 
film thickness direction. 

9. A medium according to claim 5 or claim 6, 
5 wherein the recording layer is formed of a 

laminate having a thin film composed of at 
least one element selected from the group 
consisting of Au, Ag, Al and Cu, and a thin film 
composed of at least one element selected 

/o from the group consisting of Ge, Si, Sn, Pb, 

Ga, In, Tl, Sb, Bi and Zn, at least one layer of 
the laminate being composed of a material 
containing either at least one element selected 
from the group consisting of N, O, H, He, Ne, 

75 Ar, Kr and Xe or at least one element selected 

from the group consisting of B, C and P. 

10. A medium according to claim 1, wherein the 
recording layer is formed from a material con- 

20 taining at least one element selected from the 

group consisting of Au, Ag, Al and Cu, and at 
least one element selected from the group 
consisting of Sc, Ti. V. Cr, Mn, Fe. Co, Ni, Y, 
Zr. Nb. Mo. Tc. Ru, Rh, Pd. Cd, Hf, Ta. W, Re, 

25 Os, Ir and Pt. 

11. A medium according to claim 1. wherein the 
recording layer is formed from a material 
which comprises at least one element selected 

30 from the group consisting of Au, Ag, Al and 

Cu, and at least one element selected from the 
group consisting of Ge, Si, Sn, Pb. Ga, In, Tl, 
Sb, Bi and Zn, and which further contains at 
least one element selected form the group 

35 consisting of Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Y, 

Zr, Nb, Mo, Tc, Ru, Rh, Pd, Cd, Hf, Ta, W, Re. 
Os, Ir and Pt 

12. A medium according to claim 10 or claim 11, 
40 wherein the recording layer is formed from the 

material having a uniform composition in a film 
thickness direction. 

13. A medium according to claim 10 or claim 11, 
45 wherein the recording layer is formed from the 

material having a composition changed in a 
film thickness direction. 

14. A medium according to claim 10 or claim 11, 
so wherein the recording layer is formed of a 

laminate having a thin film comprising at least 
one element selected from the group consist- 
ing of Au, Ag, Al and Cu, and a thin film 
comprising at least one element selected from 
55 the group consisting of Ge, Si, Sn, Pb, Ga, In, 

Tl, Sb, Bi and Zn, at least one layer of the 
laminate being formed from a material contain- 
ing at least one element selected from the 
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group consisting of Sc. Ti, V, Cr, Mn, Fe, Co, 
Ni, Y, Zr, Nb. Mo, Tc, Ru, Rh, Pd, Cd, Hf, Ta, 
W, Re, Os, Ir and Pt. 

15. A medium according to claim 1, which, when 5 
light energy in a pulse form is scanned along a 
record track preformated in the signal surface 

of the substrate, produces a deformation of the 
signal surface of the substrate scanned with 
high-level light energy or that surface of the to 
thermal deformation layer which is in contact 
with the recording layer and also causes a 
change in an atomic arrangement at least in 
that part of the recording layer which is in 
contact such a deformation portion, whereby 75 
data is written once on the basis of a dif- 
ference between a reflectance of a portion 
scanned with high-level light energy and a 
reflectance of a portion scanned with low-level 
light energy. 20 

16. A medium according to claim 1, which, when 
light energy in a pulse form is scanned along a 
record track preformated in the signal surface 

of the substrate, produces a deformation of the 25 
signal surface of the substrate scanned with 
high-level light energy or that surface of the 
thermal deformation layer which is in contact 
with the recording layer and also causes a 
fusion-induced mixing phenomenon or diffu- 30 
sion at least in that part of the recording layer 
which is in contact such a deformation portion, 
whereby data is written once on the basis of a 
difference between a reflectance of a portion 
scanned with high-level light energy and a 35 
reflectance of a portion scanned with low-level 
light energy. 

17. A medium according to claim 1, which, when 
light energy in a pulse form is scanned along a 40 
record track preformated in the signal surface 

of the substrate, produces a deformation of the 
signal surface of the substrate scanned with 
high-level light energy or that surface of the 
thermal deformation layer which is in contact 45 
with the recording layer and also causes a 
deformation at least in that part of the record- 
ing layer which is in contact such a deforma- 
tion portion, whereby data is written once on 
the basis of a difference between a reflectance 50 
of a portion scanned with high-level light en- 
ergy and a reflectance of a portion scanned 
with low-level light energy. 

18. A medium according to claim 1, which, when 55 
light energy in a pulse form is scanned along a 
record track preformated in the signal surface 

of the substrate, produces a deformation of the 



signal surface of the substrate scanned with 
high-level light energy or that surface of the 
thermal deformation layer which is in contact 
with the recording layer and also produces a 
cavity, a void or a hole as a recording element 
at least in an interior of the substrate or ther- 
mal deformation layer being in contact with 
such a deformation portion, between either the 
substrate or the thermal deformation layer and 
the recording layer or in an interior of the 
recording layer, whereby data is written once 
on the basis of a difference between a reflec- 
tance of a portion scanned with high-level light 
energy and a reflectance of a portion scanned 
with low-level light energy. 

19. A medium according to claim 1, which, when 
light energy in a pulse form is scanned along a 
record track preformated in the signal surface 
of the substrate, produces a cavity at least 
between that portion of the substrate and that 
portion of the recording layer which have been 
scanned with high-level light energy or in an 
interior of the recording layer without any de- 
formation of the substrate, whereby data is 
written once on the basis of a difference be- 
tween a reflectance of a portion scanned with 
high-level light energy and a reflectance of a 
portion scanned with low-level light energy. 

20. A medium according to claim 1, wherein the 
recording layer satisfies at least one of the 
three conditions that the melting point is not 
more than 1,000* C, that the thermal conduc- 
tivity is not more than 50 W/m # K and that the 
light absorptivity is not less than 15%. 

21. A medium according to claim 1, wherein a 
reflection layer having a higher reflectance to 
reading light than the recording layer is formed 
on the surface of the recording layer which is 
formed on the substrate. 

22. A medium according to claim 1, wherein an 
intermediate layer of an inorganic layer and a 
reflection layer having a higher reflectance to 
reading light than the recording layer are con- 
secutively formed on the surface of the record- 
ing layer which is formed on the substrate. 

23. A medium according to claim 1, wherein the 
substrate or the thermal deformation layer is 
formed from a substance having a heat de- 
composition temperature of not more than 
800 -C. 

24. A medium according to claim 1, wherein an 
organic dye compound layer is formed in an 
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interface between either the substrate or the 
thermal deformation layer and the recording 
layer. 

25. A method of recording an reading data, which 5 
comprises recording data by scanning an op- 
tical data recording medium produced by for- 
ming a recording layer having an alloy portion 
comprising at least one element selected from 

the group consisting of Au, Ag r Al and Cu at 10 
least in part of the film surface direction on a 
signal surface of a substrate directly or through 
the thermal deformation layer composed of a 
substance having lower heat resistance than 
the substrate with recording light energy of 75 
which the intensity is . modulated in a pulse 
form, thereby transducing the light energy to 
heat energy in the recording layer, deforming a 
signal surface of the substrate scanned with 
high-level light energy or that surface of the 20 
thermal deformation layer which is in contact 
with the recording layer with the heat energy, 
and at the same time, causing a thermal 
change such as a change in an atomic ar- 
rangement, a fusion-induced mixing phenom- 25 
enon, a deformation or formation of a cavity, a 
void or a hole as a recording element at least 
in part of the recording layer which is in con- 
tact with such a deformation portion to produce 
a difference between a reflectance of a portion 30 
scanned with high-level light energy and a 
reflectance of a portion scanned with low-level 
light energy, and playing back the data by 
scanning light energy being at a low level and 
having a constant intensity along a recorded 35 
track to optically read out a change in reflec- 
tance taking place together with the thermal 
change of the recording layer and a change in 
the substrate or the thermal deformation layer. 

40 

26. A data recording apparatus having a medium 
actuation portion in which an optical data re- 
cording medium is removably set and actu- 
ated, and an optical head which scans 
intensity-modulated light energy in a pulse 45 
form along a recorded track preformated on 

the above optical data recording medium, 
wherein an optical data recording medium in 
which a recording layer having an alloy portion 
comprising at least one element selected from 50 
the group consisting of Au, Ag, Al and Cu at 
least in part in the film surface direction is 
formed on a signal surface of a substrate di- 
rectly or through a thermal deformation layer 
composed from a substance having lower heat 55 
resistance than the substrate is set at the 
above medium actuation portion, the intensity 
of high-level light energy from the above op- 



tical head is so adjusted as to have a strength 
to deform the signal surface of the above sub- 
strate or the surface of the above thermal 
deformation layer which is in contact with the 
recording layer and also to cause a thermal 
change such as a change in an atomic ar- 
rangement, a fusion-induced mixing phenom- 
enon, a deformation or formation of a cavity, a 
void or a hole as a recording element at least 
in part of the recording layer which is in con- 
tact with such a deformation portion, and the 
intensity of low-level light energy from the 
above optical head is adjusted so as not to 
cause any thermal change in the above sub- 
strate and recording layer. 
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